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THE ROLE OF FINITE PARALLEL LENGTH
ON THE STABILITY OF BARIUM CLOUDS

[
E I.  INTRODUCTION

F In the disturbed ionosphere, Rayleigh-Taylor [Scannapieco and fNssakow,
1976; oOtt, 1978; Ossakow et al., 1979; Zalesak and Ossakow, 198N] and
E - gradient drift instabilities ([Simon, 1963; Linson and Workman, 1970;
- McDonald et al., 1980, 1981] are considered to be primary sources for fluid

structuring. These instabilities are predicted to be aligned along

magnetic field lines with the result that analysis and numerical simulation
ﬁ has emphasized the flute approximation, which neglects the explicit i
» dependence of modes on the coordinate parallel to the ambient magnetic
field; when considered, it has been taken into account, in a gross sense,
by averaging plasma parameters over magnetic field 1lines, but without l
considering the 1mplications on the 1onosphere of accompanying mode » .

variation along magnetic field lines. One exception to this generality is

the paper by Goldman et al. [1976], which calculates eigénmodes in the )

electrostatic approximation, recognizing that modes must vary along the

IS LT S

magnetic field 1lines as one moves away from the source of instability, an

WU TREwY

o1 ‘. “ e
R

artificial plasma cloud.

Artificial plasma clouds in the 1ionosphere have a finite spatial

Sndeinad

extent that can 1influence the development and properties of plasma
instahilities. 1In this paper, particular emphasis is placed on determining ’
certain effects on the gradient drift instability resulting from the finite

length of plasma clouds along the geomagnetic field. It 1is demonstrated,

et .
LR T IR

A o Ao’

with a rather simple plasma geometry, that finite plasma length implies '
parallel currents and electric fields which contribute to the development

of eigenmode structure along the geomagnetic field. Snecifically, the

finite field-line integrated electron density of {onospheric plasma clouds

can play a role in reducing the growth rate of striation instabilities. ey
Manuscript approved June 27, 1984, 1 ".
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This point 1s subsequently quantified. The finite parallel 1length of

ionospheric plasma clouds tends to favor the growth of striations with

-y

short perpendicular wavelengths.
In Section II, the calculation model and general equations are

discussed. Section III contains a derivative of the dispersion equation.

Y 2 DR

Section IV describes the quantitative evaluation of the model for
parameters appropriate to barium releases. Concluding remarks are given in

Section V. ;'

II. GENERAL EQUATIONS
We first derive a set of nonlinear equations to describe the evolution !_‘

of a cold plasma cloud (T = 0) in a uniform magnetic fleld B = B z with a

background neutral wind Yn = Vn ; [see Fig. 1la]. For simplicity we

consider only low frequency 3/3t << Ve motion of the cloud and take the ;:__

electron collisions to be sufficiently weak so that ve/Qe << 1 hut

allow vi/Q1 to be arhitrary. The collision frequency and gyrofrequency of

the a species are given by Vo and Qa’ respectively. In this 1limit the E

fundamental equations of our analysis are continuity, momentum transfer,

charge neutrality and Ampere”s law:

Bna
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7xB=—17J (5)

where the variables have their usual meaning. We take the electric and

magnetic fields to be represented by potentials as

>

1 aAz
E=-"-23% ° (6)

and

N

B=B8B_2z + VAz X (7)

~ 0
where ¢ is the electrostatic potential and A, 1s the vector potential
assoclated with the magnetic field produced by the self-consistent plasma
currents. We consider only A, since J“ > Jl and we assume
|VAz x 2| < BO'

The electron cross~field motion is given by

4
Yel BVIPXZ (8)

while the parallel motion is given by

3A
(b 1_z
[ib » V)¢ + T (9)

v =
el m Vv
e e

where Vg =V + Van and b = §/BO.

el
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The fon cross-field motion is given by

- \Y

- c in -
A Sl- 5 Viexz+ 5;— Vo X2
v v
in ¢ in,2
a, A (ni ) ¥l (10)

where § = (1 + vi:/Qf)-l, and the parallel motion is given by

- & em 5L gjp 4 L -a—AﬁJ (11)
Vi m,v, v L )é ¢ 5t
iin e

In (10) we have included both the Pedersen and Ha’l responses to the
electric field and neutral wind, while in (11) we have
assumed . Ven <« my V-

Substituting (8)-(11l) into (1), (4) and (5) we find that

dn _c¢ 5 _ c n 2, o
H '§ V¢ X Z o Vn + m (b . V)VlAz 0 (12)
v 2 v v
in ¢ " - in ¢ " in "
§ 53 n . Vl¢ xe - § T V . nVl¢ + T Vn-Yn x e,
Qi i i
S S LA ) (13)
e Lz '
dA
2 4n iy ~ .1 7z
TiA o LB et o g e

e

where ¢ = ¢ ~ (B/c)[vin/Qi)Yn + x, d/dt = 3/3t + (vinlnijz X Yn + 7, and

Na = meve/nez. Equation (12) is the electron continuity equation, (13) is

.
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the charge conservation equation, and (14) is Ampere’s law. Thus, (12)-
(14) provide a complete description of the evolution of a three-
dimensional, cold plasma cloud.

We will only consider the linear stability of a two~dimensional cloud
which is localized both along and across the magnetic field Byt n, =
nc(x,z) with Ix] ¢ Xq and |z| £ 24 The background plasma is taken to be

uniform throughout all space. The equations describing this two-

dimensional equilibrium are given by

JA "
an 193 1 1 7z 3¢, _
at + e 9z "e (c at + azJ 0 (15)
2
v - a°A
in ¢ 3 3P c 93 z _
*q Tm " ez 27 ° (16)
ax
82Az 47 1 aAz gi
o lea * az) (7
ox e

From (15)-(17) we find that the equilibrium 1is given by Az =¢ = 0 with
nc(x,z) an arbitrary function. For simplicity we consider the plasma

density to be given by [similar to that used by Sperling (1983a)]

n, = nc(x) +n 1z] < z,

b

. . (18)
n> nb 1z > zo

n(x,z) =

where the subscripts ¢ and b refer to cloud and background, respectively,
[see Fig. 1b].
We note that if we had retained a finite plasma temperature then the

density equation would be

LR T - L (19)

P
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where T = Te + Ti and we have taken 3/%x = 0. Equation (19) describes the

diffusion of the cloud along z with a diffusion coefficlent, D, = T/mivin.

Thus, in general (15)-(17) will not thave equilibrium solutions
when 3/3z2 # 0 and T # 0. However, {n calculating the growth rates of
unstable modes with growth times which are short compared with the
diffusion time t, = zS/Dz, we would expect the evolution of the equilibrium
to have very 1little 1influence on the stability calculation for this

situation. Consideration of finite temperature effects will he deferred to

a later report.

III. LINEARIZED EQUATIONS AND DISPERSION RELATION

To find the influence of the parallel dynamics on the instability, we
linearize (7)=(9) where the perturbed quantities vary as p ~ p(z) exp {rt +
ikyy). After eliminating the equation for n algebraically, we obtain two

coupled differential equations for Sz and 5,

~

T+ k2D A = -c 20
(v + kyDr)Az c = (20)

Y

-_— ~ 1 "z
(v - Y0)¢ i T (21)

- - = —= = 2 2
where Yy n<Vn/n<5, ng an</ax, Y= v+ ikyvnvinlﬂi’ Dy v, © /mpe is the

resistive diffusfon coefficient, and 3 = leQi/vev 5.

in
Prior to solving (20) and (21) for the density profile given by (18),
we first consider a cloud of infinite extent [zo + = in (IR)J and Fourier

expand modes parallel to B,, i.e., E(z) ~ E exp [1k z). We consider the
P 0 (L

local approximation [kyLn‘/n)-l >> 1] so that (20) and (21) can be solved
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algebraically. This allows comparison with previous results [Sperling,
1983b; Basu and Coppi, 1983] and 1insight into the effects of finite

I parallel wavelengths. The local dispersion equation is given by
(v = vy ){v + 12D ) = - YckzD (22)
0 yr z'r

We note that the RHS of (22) can be expressed as - yk:Vi/vmst where V, =

B/(&wnmijl/z 1s the Alfven velocity. This form explicitly shows the
l coupling to an Alfv;n wave which is the dominant finite kz effect. For
Simplicity we assume y >> kyvn(vin/ni) and.polve (22) in two limits: vy >>
kiDr (electromagnetic 1limit) and y < k;Dr (electrostatic 1limit). It 1is

§ found that

- ~2 2.2 2

y=1 kz 1 - szA/YOvinGi (v > kyDr) (23)
E and
' ~y 23 -1 2

v 1+ ICAG) (v << D) (26)

-~ -

where y = Y/Yo, k =k k = kzzr’ and L. and z

y yLr’ z are the perpendicular

r
and parallel resistive length scales given by L3 = Dr/Yn and 23 = aDr/YO.

In the ideal 1limit (Dr = 0), (23) indicates that electromagnetic effects
stabilize the instability when ;i >1 (L.e., k:Vi > YOvinSi) by coupling to
an Alfven wave. This result is similar to that of Basu and Coppi [1983]
who investigated the collisional Rayleigh-Tavlor instability. On the other
hand, (24) 1indicates that {n the electrostatic 1limit there {is only a

reduction in growth rate. This is because resistive diffusion across the




magnetic field lines 1is sufficiently rapid to dissipate the Alfvén wave.
Finally, in the 1limit kz + 0 we recover from (22) the standard result
o
= - )
Y Yo 1kyvn[vin/gi” where the real frequency 1s caused by the

equilibrium electric ffeld in the x direction:; 1in a frame of reference

moving with the electrons, however, the mode has no real frequency. A :“-;lt

) o
second mode, which {s damped is given by Y kyDr ikyvn(vinlgij [Chu et
al., 1978; Sperling, 1983b].
For a general profile n(x,z) the coupled equations for 5 and Kz must )
be solved subject to the boundary conditions 5, Kz >0 as lz| + ». TFor the e . 1
step profile for n(x,z) given in (15), the solutions to (20) and (21) in
the region |z| > zy can be written as plane waves, o ;
. @ )
Az = Az> exp| - k>|z|], (25a)

PER—
~ -~ »‘.. . -
$ = ¢y exp|- klzl], (25b)

with
(Y. + K5D__ ) | = kec 3 (25¢)
th y r>/7z> >T T ' o
9 SN
k> - ®
2 _ = x 1 ]
i N (254) L
k . s \
7 RO

_tfi_-, N

where ”{fflg

LI

kzbr ~
R = —-y 3 (259)
Yy + k°D
yr
8
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and the subscript > on a given parameter indicates that 1t 1is to be
evaluated in the region |z| > z,» Note that the solutions which diverge
as z + + « have been omitted in (25a) and (25b). The parameter R is a
measure of the electrostatic or electromagnetic nature of the mode. For

2

kyDr >> Y, we note that R ~ 1 and the mode is essentially electrostatic.

In the opposite limit kiDr < Y, the mode is electromagnetic and R << 1.

In the region |z[| < zy, the solutions for $ and Kz are

Az = Az< sin[k<zj - Az< cos[k<z) (26a)
3 = 3 1 cos(k z) + $ 2 sin(k z) (26b)
4 < < <
with
-— 2 ~ 1’2 - - 1,2
[Y< + kyDr<)Az< k<c ¢< (26¢)
2 -
k Yo = Y
< 0 1
2" (= =)k (26d)
y

To complete the dispersion relation, we must match the various plane wave
solutions at z =+ 20 . The appropriate matching conditions are obtained
from (20) and (21). Integrating these two equations across the

discoutinuity in the density at z =+ z,, we find that 5 and Sz nust be

continuous. For the even $ solution ($<2 = 0), we obtain the dispersion

relation for the growth rate v,

ke Y+ kD
11—2 ————jr——ﬂ + mn 27N

k,z. = tan e

<70
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where m is an integer. The dispersion relation for the odd 5 mode

1. 0} is similar to (27) except tan”! {s replaced by - cot L.

(3,

In general, the dispersion equation (27) has an {nfinite number of
solutions for a given set of physical parameters, corresponding to
eigenmodes with an increasing number of modes (m) aloug z. The dispersion
equation (27) can be solved numerically for arbitrary values of the
background and cloud parameters. However, to gain an understanding of the
general scaling of the growth rate y with the parallel extent of the cloud,
it 1is useful to solve (27) analytically. To do this we make a number of
simplifying assumptions. We consider only the lowest order mode (l.e., m =
0 which implies 0 < k<zo < w/2; it is easily shown that this mode has the
largest growth rate); take vin/Qi to be small so that § = | and the real

frequency, kyanin/Qi, can be neglected; and finally, take all parameters

but the density to be the same inside and outside of the cloud. In this

limit the expressions for kz reduce to

2
ks -1
—2 = (C!R)> (28a)
K
y
2
k Yo = Y _
—g =9 (ar)! (28b)
K Y <
v

We separate our analysis into two separate cases Voi 2 Yen' In the limit

Va1 > Van? the resistive diffusion coefficient D, is continuous across the

.

cloud boundary and Ry = Ree

10
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With these assumptious the dispersion equation (27) becomes

N n
k<zo = tan—l[L L EZJI/ZJ (29a)
1 -y <K
with
2 2 ~0 ~Lo 0202
1 k< zq = t(r - Y)/yj[n</n>J(Y + ky Jzo , (29b)

" 2 2 2
and 2, zolzr, ky kyLr where L= Dr>/Yo and z = °>Lr' The dispersion

N ananay  _aan

relation in (29) is now a function of only three parameters: Zy» n>/n< and
k .

‘ y

In the limit

L1 = Y)/¥){ng/ng) << 1, (30)

the arctan function approaches w/2 so that k<z0 = /2 is the dispersion
equation. Furthermore, since n</n> = (nc + nb)/nb > 1, the inequality in

(30) can only be satisfied for y 1. Thus, the growth rate is given by

" “2 n> - ~9
y=1- =5 7= for Yy D k (31a)
y
42 <
0
and
- 2 n)]_ 1 - ~2
y = (1 + _2 =) for y <L k (31b)
L2 2 y
4z < k
0 y
11
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3 4
We note that (3la) and (31b) can be compared to the local growth rates (23) ;
and (24) 1f we define an effective £ | 4
zeff L L.
' ’
3
2 n )
- _w > . -]
Kzefe * =77 ~. (32) g
4z < 4
0 <4
AZ A2 K ;
Thus, taking kz = kzeff in (23) and (24) we recover (3la) and (31b). For !
- 2 2,72 ' 1
f m # 0 modes, kzeff becomes (m + 1/2)“n /4zo(n>/n<) 1ndica;ing a spectrum of |
&: modes parallel to B. Finally, since y ~ 1 from (3la) and (31b) we can p
, ) )
write a generalized dispersion relation given by 1
» ?
3 2 n
N T - -1 > [
y =1 Z:f (1 + ky) E: (33a) ; ‘
0 _. Sy
S
and 1s valid for {based on (30)] S
g e
ay , B )
(1 + kg)zy >> 1. ~(33b)
In the opposite limit, {i.e., .
k '
L1 = ¥)/v](ne/ng) >> 1, (34)
'
arctan function approaches k<z0. The dispersion relation hecomes
it s21/2 _n - o
(L = vy)(r+ X, ) Y n>/n<z0. (35) ‘ v
The solution of the equation is )
'
- ~~1, ~2.-1/2
Yy =1 - (n>/n<)zO 1+ ky ) = 1 (36a)
12
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for

- .

(ny/n )2 << (1 + iy Jzo2 << 1, (36b)

+

® -
Vo

where the inequalities follow from (34) and the condition y 1. When y <<

1, (35) becomes a quadratic equation with the solution

' - ~ 2 2 s 2°=22,2.1/2
; Y =z, (n</n>) [L+ {1+ 4 ky zy n>/n<) 172, (37a)

which 1s valid for (from y << 1)

B
\.'

s 240 2,2
(1 + ky )2y" K ng/n . (37b)

. . . '
I, A AL . -
P SDNEW S N FUNSURD S TS WK S PRI S G W SO S PP T S TSR S S SV S

-~ n""
For zy very small the growth rate approaches zero as ,.,l_a
-~ A A “; :1
Y = ky 0n</n>. (38) o
-~ . 4‘
Equation (38) also implies that the growth rate increases with ky in this ﬁ
region. The physical reason for this behavior will be discussed shortly. : o .

The growth rates and 1inequalities 1in (33), (36) and (37) can be

summarized rather succinctly in the Ln>/n<) - 2, phase space plot shown in

2 . A = [ .
Fig. 2 Note that n>/n< nb/tnb + nc) <1 Regions I, 1II and TIII
indicate the range of validity of the growth rates in (33), (36) and (37), :
respectively. ©Expressions for the growth rate in these three regions are -»1 -
glven in Table I. For large Zy, in Regions I and II, the finite length of ‘:' i

the cloud alnng B has wvery 1little 1{influence on the growth rate

13
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and y ~ Y/Y0 ~ 1. For small Zgs in Region ITII, y << 1 so that the finite o ‘ﬁ

extent of the cloud strongly reduces the growth rate. As ky increases,

Region III shrinks in size so that the growth rates for short wavelength L

modes are less affected by the parallel dynamics than are the growth rates -iaqi
for long wavelength modes. Nevertheless, (25d) shows that the short ' ;;jf?
wavelength modes are more localized along the magnetic field than 1long iwt'i

wavelength modes [Sperling and Glassman, 1983; Sperling, 1984].

-

f In Fig. 3 we schematically show the growth rate vy as a function

t of ;0 for n>/n< and l:y << 1 held fixed. In Region III the growth rate . :

first increases linearly with ;O and then quadratically until ; ~ 1, where 4
‘ it enters Reglons II. The transition from ; ~ ;0 to ; ~ ;02 in Reglion ITI j
ki is a consequence of the change 1in character of the mode from being L4 1

2 -~ ~
dominantly electrostatic (Y < kyDr) for z, < kyn>/n< to electromagnetic

9 - -
{r> kyDr) for zy > kyn>/n<.

The dependence of the growth rate on ky can also be readily obtained

S

from Fig. 2 and Table I. For parameters z, and n>/n< such that modes with
ky << 1 are in Regions I and 1II (zo > n>/n<], Yy ~1 for all ky since
increasing ky simply pushes the mode further into Regions I and II. For

the case where modes with ky << 1 fall in Region III [zo < n>/n<j, the

dependence of y on ky is more interesting. In Fig. &4 the growth rate i§

shown versus ky with n>/n< and z, held fixed. For small kv the mode falls

0

»
. 4 A _aa

in Reglion III and has a growth rate nearly independent of ky. When ky >

L e N
-~ '..‘.‘."‘l
zyn /n>, the mode becomes electrostatic and the growth rate 1{increases RS

. . - A o
with ky until ky ~ n>/n<z0 when vy ~ 1 and the mode enters Region II. We

again conclude from this figure that the growth rates for short wavelength
modes are less affected by the parallel dynamics than the growth rates for

long wavelength modes. S
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Up to this point we have discussed only the case where Vot >> Ven®
i] The dispersion equation (27) can be solved in a similar manner in the
opposite limit Vot << Ven® In this 1imit the resistive diffusion
2 coefficient 1is not continuous across the cloud boundaries at + z,. The
ﬁ- results differ only slightly from those just presented so we skip the
details and simply present the analogues of Fig. 2 and Table I for this
case. In Fig. 5 we show the [n>/n<) - ;0 phase space plot showing the
!: three regions of the 1nstability for Ven > Vai® The growth rates for
these three regions are listed in Table II. The only difference between
p phase space plots in Figs. 2 and 5 {is the boundary between Regions I and

-~

11, which falls at larger 2z

9 when Ven > Vei® The growth rates

for Ven %2 Vo1 differ only in Regfion I. Since ; ~ 1 in both Regions I and
II, these differences are not particularly significant so the previous
discussion of the instability in the limit Vot > Van also applies to the
opposite 1limit.

We have shown that the finite length z; of the plasma cloud reduces
the growth rate of the gradient drift instability compared with its value
when z; 1is infinite. The growth rates of long wavelength modes are more
strongly reduced than those of short wavelength modes. The essential

physics which underlies these results can be understood by integrating (21)

for the perturbed potential 3 along z,

z
® n
v dza@i@ =y, | 4 n(2)é(2z) = 2yyn 2o, (39)
0

where we have again taken vin/ni small and we have assumed that 5(z) =

const in the region |z| < 245 which 1s approximately correct for the lowest

order mode. The 1integral on the left side of (39) represents the

15
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integrated Pederson conductivity along the entire field line, weighted by

the potential 5. The integral on the right side of this equation is the

integrated Pederson conductivity of the cloud. Carrying out the remaining

integral, we find

Gt hdrauitial-a iy o
S5 S
el K ’

-~ ~ -1~
Y = YoReZgde/ (neZgde + nyky oy )

-1
= yon<zo/(n<zo + n>k> ) (40)

— e,
:' B .

where we have used the results of our previous calculation: $< = $> and
5 > 0 when k>|z| > 1. Substituting the expression for ky in (25d) 1into i B

(40), we obtain the dispersion relation

n,z
<"0
Y =Y, . (41) -

° n,z, + n ! aR /2 ' .

<"0 >y ( )> o g

-

When the result {s written 1in the normalized variables presented 3

previously, it reduces precisely to the dispersion relation presented in ;'”i

. -

(35). The reduction of the growth rates due to finite zy occur because the
integrated Pederson conductivity over the extent of the mode along =z
*‘ becomes comparable to that of the cloud. The distance the mode extends
along z |~ k;l) increases as k decreases [see (25d)] so that 1long

y

wavelength modes have greater reductions in thelr yrowth rates. The

16




electromagnetic effects prevent the mode from extending an iInfinite
distance along the magnetic field line as ky + 0. In this limit R> + 0 and
(41) becomes

n,z
<0
Y=Y - (42)

r
n.z, + n>[—7—]>

so that the growth rate is independent of ky as shown in Fig. 4.

L A AR Oy

IV. RESULTS

The plasma model outlined in Sections II and III is rather simple, and
; admittedly does not include all the intricacies and inhomogeneities of the
real ionosphere. Nevertheless, the model does show that the growth rate is

a function of the parallel length. We now present quantitative results of

our model for typical ionospheric parameters. In particular, we take

n, = 107em™3, n = 10°cm >, B = 0.4 G, T
1

values of Yo' Yo = 0.01 sec

= Te = 0.1 eV, and .onsider two
1

i

and y, = 0.10 sec . The fons for [z] < z,

are assumed to be barium (i.e., m, = 137 mp, with m, the proton mass) and

i<

the {ons for lz| > z, are assumed to be air with m

b 94

an atmospheric neutral particle, m0<(>), is also assumed to be 20 mp. The

Nye = Mgy = 8.3 x 109 cm_3, is appropriate to an altitude

= 20 mp. The mass of

Wl
Sl
A

neutral density,
of ~ 200 km [Xnapp and Schwartz, 1975]. The collision frequencies are

determined from [Braginskii, 1965; Xilb, 1977)

12
= 9
Vi¢ 2.5 x 10 m,n, (42a)

13

= 2.5 x 10" myn, (42b)

1>
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| 2}

) I

=0.51 v +1.9x 102 n

e1<(>) (42¢)

Ve<(>) 0

3

= 1.1 x 10 ne<(>).

Ve1<(>) (424)

In (42) all parameters are in cgs units. Based upon these parameters and
equations we can calculate the perpendicular and parallel resistive scale
lengths which are given in Table III for Yo ™ 0.01 sec.1 and 0.1 sec-l.

An important result to be considered is the boundary between Reglons

IT and III in Figs. 2 and 5. The boundary is defined by the equation

n

> 2,172
E: 1+ ky ) 200 (43)

and marks the transition between strong and weak growth. For z, < Z5e the
theory predicts very weak growth, and it 1is clear that the long wavelength
modes (ky << 1) have the weakest growth for a given value

of 2z

-1
0 and n>/n<. In Fig. 6 we plot z;, (km) vs. ky (km ) based on (43) for

n>/n< = 0.01 and the parameters described above and in Table TIII. The
regions below each curve indicate weak growth, while regions above each
curve indicate strong growth. As expected, the value of Z0¢ is largest for

ky << 1. Algso, we note that the dependence of Zne on k, 1s stronger for

y

smaller values of wavenumber (kv <1 km_l) and Yo

In Fig. 7 we plot vy = y/y vs. k (km_l) for the parameters given
0

y
above and different values of z5. The solid lines are based on Yo = 0.10

se<:-1 while the dashed 1lines are for Yo < 0.01 sec_l. These figures are
based upon (35). Again, these curves quantitatively reflect the growth
rate dependence on k, and zy which 1is presented qualitatively in Fig. 4.

-~

For kv > 2 km-l, the normalized growth rate y is independent of zZy. This

18
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is consistent with Fig. 6 which shows that Zne 1s independent of Yo for

1. On the other hand, for kv <2 km-1 the difference between the

kK > 2 km
y

curves bhecomes larger, especially for 2z, large. Again, this is consistent

with Fig. 6 which indicates a strong dependence of Zne ON Yq for ky <

2 km—l. It is clear from Fig. 7 that the finite parallel extent of the

cloud favors the growth of short wavelength modes.

v. CONCLUDING RFMARKS

We have presented a linear analysis of the gradient drift instability
appropriate to ionospheric plasma clouds of finite spatial extent, both
perpendicular and parallel to the ambient magnetic ¢field. Based on a
simple model for the cloud [see (18)], we find that the parallel extent of
the «cloud along B can significantly alter the growth rate of the
instability. Specifically, we find that long wavelength modes (ky small)
tend to have much smaller growth rates than short wavelength modes (ky
large). This reduction in growth due to finite 2z3 occurs because the
integrated Pedersen conductivity of the background plasma over the extent
of the mode along z becomes greater than that of the cloud [see (40)]. The
distance the mode extends along z increases as ky decreases [see (25d)] so
that the 1long wavelength modes are more strongly affected. A more
detailed numerical analysis of this effect 1is given in Snerling and
Glassman (1983). We mention that these results also avoply to the ¥ x R
gradient drift (McDonald et al., 1980, 1981] and Rayleigh-Tavlor [Ossakow
et al., 1979; Sperling, 1982] instabilities.

A question which naturally arises {is, how does the growth rate change
as the cloud Adiffuses along the magnetic field or, more generally, as the

cloud evolves 1in time? Tt is temptineg to conclude that the growth rate

19
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simply increases with zy as the cloud diffuses along z as shown in Figs. 3
and 6. However, as the cloud diffuses along z we expect the electron
density inside the cloud to decrease such that n.zy ~ constant. loosely
speaking, the total number of cloud electrons along a given magnetic field
line should not change, or at least, not change significantly. Since the
growth rates of the instability in the weak (Region III) and strong (Region
II) growth regions depend only on the product nezg, parallel diffusion
along z does not cause the growth rate to increase. The expansion of the
cloud along z also does not enable the mode to change from weak to strong
growth. This is clearly seen from (43) which indicates that the boundary
between Regions II and III does not change in time as long as nezg ~
constant. Thus, we conclude that just diffusion of the cloud along z does
not change the growth rate in an important way.

On the other hand, the gross evolution of the cloud involves not only
diffusion along z but, for example, steepening of the "backside" of the
cloud which increases the growth rate Yo* As shown in Fig. 6, for a given
value of z; more modes are in the strong growth regime when Yo is larger.
Thus, the parallel dynamics will significantly change the spectrum of
unstable modes as the cloud evolves in time. This feature may be related
to the observation of the delayed onset of striations. That is, the onset
of striations in barium clouds occurs several minutes after the detonation
of the barium release. Specifically for larger barium clouds, like Spruce
(Linson and Meltz, 1972], the onset time for striations is estimated to be
generally greater than approximately 5 minutes [McDonald et al., 1980].
Linson and Meltz (1972) have estimated that the Spruce and Olive ion clouds
had an extent approximately 30-40 km extent along the magnetic field at

about 5 mihutes. This parallel extent corresponds to z, = 15-20 km. It is

20
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possible then that plasma clouds need to evolve in time so that they have a
sufficiently steepened "backside", as well as a sufficient length along 3,

before the striations can occur rapidly.
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TABLE I: GROWTH RATES fv . >> v

el en-
3 Regi r G h Rat I
gion rowt e
- 2 n
I Y=1-(z_'\}_2__L_‘T_>.=1
‘ +
i z4 1 ky) <
! R n ;
I | Vel ey e ]
; 24 1+ k) < '
. y
l n 4£2 n2
% T s a2 %2 Ty /2
I1I 7 Y= zg (=171 + 1+ 555177 << 1
- > z, n<
TABLE II: GROWTH RATES (v_, << v__)
ei en
Region [ Growth Rate
b
! ~ 2 n
' Z4 |1+ ky{n>/n<)] <
i
' - 1 1 ™ |
IT \ Y=l - — L] ;
| zo(1+k2\”2 ¢ l
~2 2
n 4k n
! T2 02 X2 y >, 1/2
III Y zon—>- l1+fl+;T':i-‘ l((l
0 <
TABLE III: RESISTIVE SCALE LENGTHS
i T
\ = 0.01 sec” ! = 0.10 sec !
| Yg = 0 sec Yo =0 sec
Perpendicular: L. 2.5 km 0.8 km
Parallel: Z, 2370 km 750 km
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Ns = ny ]
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]
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~Z 2 z ]
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(b) N
Fige 1 Plasma configuration and geometry. (a) Coordinate system. X ﬂ.w

(b) Density profile parallel to Bne
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X Vei >> Vg
b

1
ny Y << 1 |

A 3
Yy V1 ‘_
b
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A o T
. (1+k2) Y A |
. Y

2 .
Fig. 2 Regions of validity for the growth rates given by (33), (36), '

£ and (37). The growth rates are listed in Table I and are based E f

i. upon the assumption that v , >> v . ’
y ei en

1
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A
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Schematic of the growth rate y vs. parallel length z

0 for fixed
n>/n< and ky' This curve 1is Dbased on the assumption
that v > v .
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~>

A2 n<2

Vei >> Ven

Fig. 4 Schematic of the growth rate y vs. perpeﬁdicular wavenumber k

for fixed n>/n< and Zpe

that v, >> v .
ei en
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Regions of validity for the growth rates in the regime o
v, < v . The growth rates are listed in Table II. This T
ei en °

curve {s similar to Fig. 2 but the boundary between regions 1

and II is shifted to larger z
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(km)

Yo = 0.01 sec™
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15 - STRONG GROWTH (y ~ 1)
10k Yo = 0.}0 sec”! '
5 5 -
WEAK GROWTH (y << 1) y
F 0 L s 1 | L L 1 J %
0.1 1.0 10.0 ]
-1 4
ky (km™) ]
- | I
g Fig. 6 Plot of "critical" parallel length 200 (km) vs. perpendicular L
Ej wavenumber Ey (km-l) based upon (43) for typical ionospheric
. parameters. The parameters used are given in the text (Section

IV). These curves denote the boundary between Region IT [above
curves - strong growth (y ~ 1)] and Region III [below curves =

weak growth (y << 1)].
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Fig. 7 Plot  of  perpendicular  wavenumber iy (km™ 1) vs. growth . K
rate Y fY/YO) for vy = 0.10 sec”! (solid curves), Yo = Tl
0.01 sec~! (dashed curves), and several values of zg (km). :fk[ﬂ
Curve {s based upon (27) for m = O. The ionospheric parameters )

used are given in the text (Section IV).
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WHITE OAK, SILVER SPRING, MD
01cy ATTN CODE F31

20910

DIRECTOR

STRATEGIC SYSTEMS PROJECT OFFICE
DEPARTMENT OF THE NAVY
WASHINGTON, D.C. 20376

01CY ATTN NSP-2141

01CY ATTN NSSP-2722 FRED WIMBERLY
COMMANDER
NAVAL SURFACE WEAPONS CENTER
DAHLGREN LABORATORY
DAHLGREN, VA 22448

01CY ATTN CODE OF-14 R. BUTLER
OFFICER Of NAVAL RESEARCH
ARLINGTON, VA 22217

01CY ATTN CODE 465

01CY ATTN CODE 461

01CY ATTN CODE 402

01CY ATTN CODE 420

01CY ATTN CODE 421
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COMMANDER
AEROSPACE DEFENSE COMMAND/DC
DEPARTMENT OF THE AIR FORCE

ENT AFB, CO 80912
01CY ATTN DC MR. LONG
COMMANDER

AEROSPACE DEFENSE COMMAND/XPD
DEPARTMENT OF THE AIR FORCE

ENT AFB, €O 80912
01CY ATTN XPDQQ
01CY ATTN XP
AIR FORCE GEOPHYSICS LABORATORY
HANSCOM AFB, MA 01731
01CY ATTN OPR HAROLD GARDNER
01CY ATTN LKB
KENNETH S.W. CHAMPION
01CY ATTN OPR ALVA T. STAIR
01CY ATTN PHD JURGEN BUCHAU
01CY ATTN PHD JOHN P. MULLEN

AF WEAPONS LABORATORY

KIRTLAND AFT, NM 87117
01CY ATTN SuL
01CY ATTN CA ARTHUR H. GUENTHER
01CY ATTN NTYCE 1LT. 6. KRAJEI
AFTAC
PATRICK AFB, FL 32925
01CY ATTN TF/MAJ WILEY
01CY ATTN TN
AIR FORCE AVIONICS LABORATORY
WRIGHT-PATTERSON AFB, OH 45433
01CY ATTN AAD WADE HUNT
01CY ATTN AAD ALLEN JOHNSON
DEPUTY CHIEF OF STAFF
RESEARCH, DEVELOPMENT, & ACQ
DEPARTMENT OF THE AIR FORCE
WASHINGTON, DP.C. 20330
01CY ATTN AFRDQ
HEADQUARTERS

ELECTRONIC SYSTEMS DIVISION
DEPARTMENTY OF THE AIR FORCE

HANSCOM AFB, MA 01731
01CY ATTN J. DEAS
HEADQUARTERS

ELECTRONIC SYSTEMS DIVISION/YSEA
DEPARTMENT OF THE AIR FORCE
HANSCOM AFB, MA 01732

01CY ATTN YSEA




HEADQUARTERS
ELECTRONIC SYSTEMS DIVISION/DC
DEPARTMENT OF THE AIR FORCE
HANSCOM AFB, MA 01731

01CY ATTN DCKC MAJ J.C. CLARK

COMMANDER
FOREIGN TECHNOLOGY DIVISION, AFSC
WRIGHT-PATTERSON AFB, OH 45433
01CY ATTN NICD LIBRARY
01CY ATTN ETDP B. BALLARD

COMMAANDER
ROME AIR DEVELOPMENT CENTER, AFSC
GRIFFISS AFB, NY 13441
01CY ATTN DOC LIBRARY/TSLD
01CY ATTN OCSE V. COYNE

SAMSO0/SZ

POST OFFICE BOX 92960

WORLDWAY POSTAL CENTER

LOS ANGELES, CA 90009
(SPACE DEFENSE SYSTEMS)
01CY ATTN SZJ

STRATEGIC AIR COMMAND/XPFS

OFFUTT AFB, NB 68113
01CY ATTN ADWATE MAJ BRUCE BAUER
01CY ATTN NRT
01CY ATTN DOK CHIEF SCIENTIST

SAMSO/SK
P.0. BOX 92960
WORLDWAY POSTAL CENTER
LOS ANGELES, CA 90009
01CY ATTN SKA (SPACE COMM SYSTEMS)

M. CLAVIN
SAMSO/MN

NORTON AFB, CA 92409
(MINUTEMAN)

01CY ATTN MNNL

COMMANDER
ROME AIR DEVELOPMENT CENTER, AFSC
HANSCOM AFB, MA 01731

01CY ATTN EEP A. LORENTZEN

DEPARTMENT OF ENERGY
LIBRARY ROOM G-042
WASHINGTON, D.C. 20545
01CY ATTN DOC CON FOR A. LABOWITZ
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DEPARTMENT OF ENERGY
ALBUQUERQUE OPERATIONS OFFICE
P.0. BOX 5400
ALBUQUERQUE, NM 87115
01CY ATTN DOC CON FOR D. SHERWOOD

EG&G, INC.
LOS ALAMOS DIVISION
P.0. BOX 809
LOS ALAMOS, NM 85544
01CY ATTN DOC CON FOR J. BREEDLOVE

UNIVERSITY OF CALIFORNIA

LAWRENCE LIVERMORE LABORATORY

P.0. BOX 808

LIVERMORE, CA 94550
01CY ATTN DOC CON FOR TECH INFO

DEPT

01CY ATTN DOC CON'FOR L-389 R. OTT
01CY ATTN DOC CON FOR L-31 R. HAGER

LOS ALAMOS NATIONAL LABORATORY

P.0. BOX 1663

LOS ALAMOS, NM 87545
01CY ATTN DOC CON FOR J. WOLCOTT
01CY ATTN DOC CON FOR R.F. TASCHEK
01CY ATTN DOC CON FOR E. JONES
01CY ATTN DOC CON FOR J. MALIK
01CY ATTN DOC CON FOR R. JEFFRIES
01CY ATTN DOC CON FOR J. ZINN
01CY ATTN DOC CON FOR P. KEATON
01CY ATTN DOC CON FOR D. WESTERVELT
01CY ATTN D. SAPPENFIELD

SANDIA LABORATORIES
P.0. BOX 5800
ALBUQUERQUE, NM 87115
01CY ATTN DOC CON FOR W. BROWN
01CY ATTN DOC CON FOR A.
THORNBROUGH
01CY ATTN DOC CON FOR T. WRIGHT
01CY ATTN DOC CON FOR D. DAHLGREN
01CY ATTN DOC CON FOR 3141
01CY ATTN DOC CON FOR SPACE PROJECT
DIV

SANDIA LABORATORIES

LIVERMORE LABORATORY

P.0. BOX 969

LIVERMORE, CA 94550
01CY ATTN DOC CON FOR B. MURPHEY
01CY ATTN DOC CON FOR T. COOK

F




OFFICE OF MILITARY APPLICATION
DEPARTMENT OF ENERGY
WASHINGTON, D.C. 20545

01CY ATTN DOC CON DR. YO SONG

OTHER GOVERNMENT

INSTITUTE FOR TELECOM SCIENCES
NATIONAL TELECOMMUNICATIONS & INFO
ADMIN
BOULDER, CO 80303
01CY ATTN A. JEAN CUNCLASS ONLY)
g1CY ATTN W. UTLAUT
01CY ATTN D. CROMBIE
01CY ATTN L. BERRY

NATIONAL OCEANIC & ATMOSPHERIC ADMIN
ENVIRONMENTAL RESEARCH LABORATORIES
DEPARTMENT OF COMMERCE
BOULDER, CO 80302

01CY ATTN R. GRUBB

01CY ATTN AERONOMY LAB G. REID

DEPARTMENT OF DEFENSE CONTRACTORS

AEROSPACE CORPORATION

P.0. BOX 92957

LOS ANGELES, CA 90009
01CY ATTN I. GARFUNKEL
01Cy ATTN T. SALMI
01CY ATTN V. JOSEPHSON
01CY ATTN S. BOWER
01CYy ATTN D. OLSEN

ANALYTICAL SYSTEMS ENGINEERING CORP
5 OLD CONCORD ROAD
BURLINGTON, MA 018033

01CY ATTN RADIO SCIENCES

AUSTIN RESEARCH ASSOC., INC.
1901 RUTLAND DRIVE
AUSTIN, TX 78758

01CY ATTN L. SLOAN

01CY ATTN R. THOMPSON

BERKELEY RESEARCH ASSOCIATES, INC.
P.0. BOX 983
BERKELEY, CA 94701

01CY ATTN J. WORKM#Y

01CY ATTN C. PRETTIE

0*lYy ATTN S. BRECHT

BOEING COMPANY, THE

P.0. BOX 3707

SEATTLE, WA 98124
01CY ATTN G. KEISTER
01CY ATTN D. MURRAY £
01CY ATTN G. HALL ®
01CY ATTN J. KENNEY

CHARLES STARK DRAPER LABORATORY, INC.
555 TECHNOLOGY SQUARE
CAMBRIDGE, MA 02139

01CY ATTN D.B. COX

01CY ATTN J.P. GILMORE o

COMSAT LABORATORIES

LINTHICUM ROAD

CLARKSBURG, MD 20734
01CY ATTN G. HYDE

CORNELL UNIVERSITY
DEPARTMENT OF ELECTRICAL ENGINEERING
ITHACA, NY 143850

01CY ATTN D.T. FARLEY, JR.

ELECTROSPACE SYSTEMS, INC.

BOX 1359

RICHARDSON, TX 75080 '
01CY ATTN H. LOGSTON .0
01CY ATTN SECURITY (PAUL PHILLIPS)

EOS TECHNOLOGIES, INC.
606 Wilshire Blvd.
Santa Monica, Calif 90401

01CY ATTN C.B. GABBARD i

01CY ATTN R. LELEVIER o

ESL, INC.

495 JAVA DRIVE

SUNNYVALE, CA 94086
01CY ATTN J. ROBERTS
01CY ATTN JAMES MARSHALL

GENERAL ELECTRIC COMPANY s

SPACE DIVISION
VALLEY FORGE SPACE CENTER
GODOARD BLVD KING OF PRUSSIA
P.0. BOX 8555
PHILADELPHIA, PA 19101
01CY ATTN M.H. BORTNER ’
SPACE SCI LASB L

GENERAL ELECTRIC COMPANY
P.0. BOX 1122
SYRACUSE, NY 13201

01CY ATTN F. REIBERT
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GENERAL ELECTRIC TECH SERVICES JOHNS HOPKINS UNIVERSITY
€0., INC. APPLIED PHYSICS LABORATORY
HMES JOHNS HOPKINS ROAD
COURT STREET LAUREL, MD 20810
SYRACUSE, NY 13201 - 01CY ATTN DOCUMENT LIBRARIAN
D1CY ATTN G. MILLMAN 01CY ATTN THOMAS POTEMRA R
f‘ 01CY ATTN JOHN DASSOULAS
GEOPHYSICAL INSTITUTE
UNIVERSITY OF ALASKA KAMAN SCIENCES CORP
FAIRBANKS, AK 99701 P.0. BOX 7463
(ALL CLASS ATTN: SECURITY OFFICER) COLORADO SPRINGS, CO 80933 ,
Q1CY ATTN T.N. DAVIS C(UNCLASS ONLY) 01CY ATTN T. MEAGHER .
01CY ATTN TECHNICAL LIBRARY -
ll 01CY ATTN NEAL BROWN (UNCLASS ONLY) KAMAN TEMPO-CENTER FOR ADVANCED '
STUDIES
GTE SYLVANIA, INC. 816 STATE STREET (P.0 DRAWER QQ)
ELECTRONICS SYSTEMS GRP-EASTERN DIV SANTA BARBARA, CA 93102
77 A STREET 01CY ATTN DASIAC
NEEDHAM, MA 02194 01CY ATTN WARREN S. KNAPP
01CY ATTN DICK STEINHOF 01CY ATTN WILLIAM MCNAMARA
01CY ATTN B. GAMBILL ).
[; HSS, INC.
2 ALFRED CIRCLE LINKABIT CORP
BEDFORD, MA 01730 10453 ROSELLE
01CY ATTN DONALD HANSEN SAN DIEGO, CA 92121
01CY ATTN IRWIN JACOBS
, ILLINOIS, UNIVERSITY OF :
' 107 COBLE HALL LOCKHEED MISSILES & SPACE CO., INC '
150 DAVENPORT HOUSE P.0O. BOX 504
CHAMPAIGN, IL 61820 SUNNYVALE, CA 94088
(ALL CORRES ATTN DAN MCCLELLAND) 01CY ATTN DEPT 40-12
01CY ATTN K. YEH 01CY ATTN D.R. CHURCHILL
INSTITUTE FOR DEFENSE ANALYSES LOCKHEED MISSILES & “~ACE C0., INC.
1801 NO. BEAUREGARD STREET 3251 HANOVER STREET .
ALEXANDRIA, VA 22311 PALO ALTO, CA 94304
01CY ATTN J.M. AEIN 01CY ATTN MARTIN WALT DEPT 52-12 :
01CY ATTN ERNEST BAUER D1CY ATTN W.L. IMHOF DEPT S2-12 ST
01CY ATTN HANS WOLFARD 01CY ATTN RICHARD G. JOHNSON Sy
01CY ATTN JOEL BENGSTON DEPT 52~12 :

01CY ATTN J.B. CLADIS DEPT 52-12
INTL TEL & TELEGRAPH CORPGRATION

SO0 WASHINGTON AVENUE MARTIN MARIETTA CORP ’
NUTLEY, NJ 07110 ORLANDO DIVISION
01CY ATTN TECHNICAL LIBRARY P.0. BOX 5837
ORLANDO, FL 32805 .
JAYCOR 01CY ATTN R. HEFFNER g
11011 TORREYANA ROAD ¥
P.0. BOX 85154 M.I.T. LINCOLN LABORATORY C g
SAN DIEGO, CA 92138 P.0. 80X 73 )
D1CY ATIN J.L. SPERLING LEXINGTON, MA 02173 1
01CY ATTN DAVID M. TOWLE : 3
01CY ATTN L. LOUGHLIN v
01CY ATTN D. CLARK RO
SR
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MCDONNEL DOUGLAS CORPORATION
5301 BOLSA AVENUE
HUNTINGTON BEACH, CA 92647
01CY ATTN N. HARRIS
01CY ATTN J. MOULE
G1CYy ATTN GEORGE MROZ
01CYy ATTN W. OLSON
01CY ATTN R.W. HALPRIN
01CY ATTN TECHNICAL
LIBRARY SERVICES

MISSION RESEARCH CORPORATION
735 STATE STREET
SANTA BARBARA, CA 93101
01CY ATTN P. FISCHER
01Cy ATTN W.F. CREVIER
01CY ATTN STEVEN L. GUTSCHE
01Cy ATTN R. BOGUSCH
01CY ATTN R. HENDRICK
01CY ATTN RALPH KILB
01CY ATTN DAVE SOWLE
01CY ATTN F. FAJEN
01CY ATTN M, SCHEIBE
01CY ATTN CONRAD L. LONGMIRE
01CY ATTN B. WHITE
01CY ATTN R. STAGAT

MISSION RESEARCH CORP.
1720 RANDOLPH ROAD, S.E,
ALBUQUERQUE, NEW MEXICO 87106
01CY R. STELLINGWERF
01CY M. ALME
01CY L. WRIGHT

MITRE CORPORATION, THE

P.0. BOX 208

BEDFORD, MA 01730
01CY ATTN JOHN MORGANSTERN
01CY ATTN G. HARDING
01CY ATTN C.E. CALLAHAN

MITRE CORP
WESTGATE RESEARCH PARK
1820 0OLLY MADISON BLVD
MCLEAN, VA 22101
01CY ATTN W. HALL
01CY ATTN W. FOSTER

PACIFIC~-SIERRA RESEARCH CORP
12340 SANTA MONICA BLVD.
LOS ANGELES, CA 90025

01Cv ATTN E.C. FIELD, JR.
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PENNSYLVANIA STATE UNIVERSITY
IONOSPHERE RESEARCH LAS
318 ELECTRICAL ENGINEERING EAST
UNIVERSITY PARK, PA 14802

(NO CLASS TO THIS ADDRESS)

01CY ATTN IONOSPHERIC RESEARCH LAB

PHOTOMETRICS, INC.
4 ARROW DRIVE
WOBURN, MA 01301
01CY ATTN IRVING L. KOFSKY

PHYSICAL DYNAMICS, INC.
P.0. BOX 3027
BELLEVUE, WA 98009

01CY ATTN E.J. FREMOUW

PHYSICAL DYNAMICS, INC.
P.0. BOX 10367
OAKLAND, CA 94610

ATTN A. THOMSON

R & D ASSOCIATES

P.0. BOX 9695

MARINA DEL REY, CA 90291
01CY ATTN FORREST GILMORE
01CY ATTN WILLIAM B. WRIGHT, JR.
01CY ATTN WILLIAM J. KARZAS
01CY ATTN H. ORY
01CY ATTN C. MACDONALD
01CY ATTN R. TURCO
01CY ATTN L. DeRAND
01CY ATTN W. TSAI

RAND CORPORATION, THE

1700 MAIN STREET

SANTA MONICA, CA 90406
01CY ATTN CULLEN CRAIN
01CY ATTN ED BEDROZIAN

RAYTHEON CO.
528 BOSTON POST ROAD
SUDBURY, MA 01776

G1CY ATTN BARBARA ADAMS

RIVERSIDE RESEARCH INSTITUTE
330 WEST 42nd STREET
NEW YORK, NY 10036

01CY ATTN VINCE TRAPANI
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SCIENCE APPLICATIONS, INC.
1150 PROSPECT PLAZA
LA JOLLA, CA 92037
01CY ATTN LEWIS M. LINSON
01CY ATTN DANIEL A. HAMLIN
01CY ATTN E. FRIEMAN
01CY ATTN E.A. STRAKER
01CY ATTN CURTIS A. SMITH

SCIENCE APPLICATIONS, INC
1710 GCOLRIDGE DR.
MCLEAN, VA 22102

01CY J. COCKAYNE

01CY E. HYMAN

SRI INTERNATIONAL

333 RAVENSWOOD AVENUE

MENLO PARK, CA 94025
01CY ATTN J. CASPER
01CY ATTN DONALD NEILSON
01CY ATTN ALAN BURNS
01CY ATTN G. SMITH
01CY ATTN R. TSUNODA
01CY ATTN DAVID A. JOHNSON
01CY ATTN WALTER G. CHESNUT
01CY ATTN CHARLES L. RINO
01CY ATTN WALTER JAYE
01¢CcY ATTN J. VICKREY
01CY ATTN RAY L. LEADABRAND
01CY ATTN G. CARPENTER
01CY ATTN G. PRICE
01CY ATTN R. LIVINGSTON
01CY ATTN V. GONZALES
01CY ATTN D. MCDANIEL

TECHNOLOGY INTERNATIONAL CORP
75 WIGGINS AVENUE
BEDFORD, MA 01730

01CY ATTN W.P. BOQUIST

TOYON RESEARCH CO.

P.0. Box 6890

SANTA BARBARA, CA 931114
01CY ATTN JOHN ISE, JR.
01CY ATTN JOEL GARSARINO

TRW DEFENSE & SPACE SYS GROUP
ONE SPACE PARK
REDONDO BEACH, CA 90273
01CY ATTN R. K. PLESUCH
01CY ATTN S. ALTSCHULER
01CY ATTN D. DEE
G1CY ATTN D/ STOCKWELL
SNTF/1575
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VISIDYNE

SOUTH BEDFORD STREET

BURLINGTON, MASS 01803
01CY ATTN W. REIDY
01CY ATTN J. CARPENTER
071CY ATTN C. HUMPHREY

UNIVERSITY OF PITTSBURGH
PITTSBURGH, PA 15213
01CYy ATTN: N. ZABUSKY
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